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(54) Title: ELECTROSTATIC PRECIPITATOR 
(57) Abstract 

The invention comprises an electrostatic precip- 
itator capable of separating sub-micron size particu- 
late matter from a gaseous stream. In a preferred em- 
bodiment, alternating high voltage plates and ground 
collector plates are placed in a particular laden gas 
stream. The collector plates are provided with a 
plurality of micro-machined channels therein aligned 
generally perpendicular to the flow of gas through the 
device. The channels are provided with a liquid flow- 
ing therethrough to collect and concentrate the par- 
ticulates collected therein. Analytical means may be 
provided to analyze the particutate-matter thus col- 
lected. 
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ELECTROSTATIC PRECIPITATOR 


This invention was made with Government support 
under Contract DAAM01-97-M-0006 awarded by the U.S. 
Department of Defense. The Government has certain rights 
in this invention. 

BACKGROUND OF THE INVENTION 

The capture of particulate matter or aerosols in 
air or other fluid streams is important as an analytical 
cool to determine the type and concentration of such 
part iculate/aerosol material; and also potentially as a 
method of cleansing the fluid stream of the particulate 
matter for subsequent use. For example, the detection of 
airborne biological or chemical warfare agents, the 
detection of biological contamination in confined spaces 
such as aircraft or hospitals or the detection of 
industrial pollutants (either in ambient air or in 
stacks) may be required in various and different 
scenarios . 

Much effort has been expended in the past in the 
detection and classification of particulate matter or 
aerosols, generally in air or other gaseous streams. 
Numerous devices have been used to effect such 
separation, such as virtual impactors, electrostatic 
precipitators, and the like. Electrostatic precipitators 
have been well known for years and much effort has been 
expended for their optimization. The art of collecting 
charged particles on collector plates in electrostatic 
precipitators is in a high state of development, as 
evidenced by the many patents issued in the area. For 
example, U.S. Patent No. 5,626,652 discloses an 
electrostatic precipitator using laminar flow to remove 
sub-micron size particles from a gas stream. Particles 


-2- 

are charged and collected in a plurality of tubular 
members electrically coupled to a potential of opposite 
polarity to that of the particles. 

Likewise, in U.S. Patent No. 5,477,464, a pulsating 
5 current in an electrostatic precipitator enables one to 
obtain a plurality of combinations of frequency, charge 
and duration. In U.S. Patent No. 5,429,669, oily dusty 
particles are precipitated on large and small electric 
plates, and scrapers are mounted therebetween to remove 

10 the particulate matter, with a collecting unit underneath 
to collect the particles. As these and other patents 
illustrate, the collection of charged particulate matter 
in electrostatic precipitators is relatively easy to 
accomplish. However, the collection of such particles, 

15 once precipitated, is a matter of much research, 

especially in the search for the optimum collection 
medium. For example, in U.S. Patent No. 5,334,238, a 
stream of cleaning gas is directed through a flexible 
tube that randomly is directed across the surface of 

20 precipitator plates with sufficient force to dislodge 
particles adhered thereto. Liquids have been used in 
such cases, as in U.S. Patent No. 5,084,072, wherein a 
constant liquid stream is maintained over the inside 
surface of a glass collector tube and a discharge 

25 electrode into which the particulate matter is directed. 
As illustrated in U.S. Patent No. 5,015,267, 
mechanical energy has been used to dislodge the 
particulate matter from the collector plate, as with the 
use of rappers. High velocity air has been used to clean 

30 particulate matter from collector plates, as in U.S. 
Patent No. 4 , 861, 356 . 

Numerous types of particulate matter is of interest 
in such systems. The need for accurate and reliable 
biological warfare detector/collection systems emerged 

35 from the Desert Storm conflict as a means of protecting 


troops (and others) in close proximity to biological 
agents. However, biological weapons are not limited 
solely to warfare— as was evidenced by the Tokyo subway 
attack by the Aum Shinrikyo cult, where the chemical 
agent sarin was released in the Tokyo subway. Air 
quality monitoring is of critical importance as a means 
of conventional public health assessments, both as a 
means of detecting but also providing warnings of high 
levels of airborne particulates. Recirculation of air in 
buildings as indoor pollution causes worker illness (the 
"sick building syndrome"). Nosocomial, or hospital- 
acquired, infections are often caused by antibiotic 
resistant microorganisms spread throughout the hospital 
in air-handling systems or in ambient air caused by 
movement between rooms by hospital personnel. Finally, 
the determination of particulate matter in, for example, 
stack gases, can be an early warning of potential 
pollutant releases, and of process efficiency upstream 
from the stack. 

In each of these environments, it is of interest to 
know not only the quantity but quality of the airborne 
particulates. The ability to accurately measure the 
various constituents is important, but in the past the 
ability to make such determinations has been negated by 
the large size and relatively high power requirements of 
the devices. Devices capable of being worn by 
individuals would greatly expand the ability to offer 
personal protection to soldiers, workers, and the like. 
However, prior to the present invention, the technology 
had not progressed to the point of pocket-sized 
electrostatic precipitation detection devices. 


BRIEF SUMMARY OF THE INVENTION 
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The present invention comprises an electrostatic 
precipitator device especially adapted to remove very 
small charged particulate matter from a moving gas 
stream, and in particular, an air stream. The device 
5 comprises a plurality of high voltage electrode plates 
alternating with a plurality of ground electrode plates 
with a liquid flowing thereon. Charged particulate 
matter in the air stream is attracted to the ground 
electrode plates and collected on the liquid flowing 
10 thereon. The voltage applied to the high voltage plates 
may be continuous or pulsed. The liquid stream having 
particulate matter is concentrated for subsequent 
analysis . 

Additionally, the device may include a fan to move, 

15 the gas stream through the device, a charging member to 
impart an electrical charge to the particulate matter in 
the gas stream, a plurality of both high voltage and 
ground plates alternating with one another, a 
collection/concentration fluid, and analytical means to 

20 analyze the particulate matter collected. 

The ground electrode plates are preferably micro- 
machined with a plurality of micro-channels therein, with 
the channels arranged in the device perpendicular to the 
direction of flow of the gaseous stream. The micro- 

25 channels are at least partially filled with the liquid, 

which concentrates the particulate matter in a relatively 
small volume. The liquid circulates through the device, 
effectively "cleansing" the micro-channels of particulate 
matter. The liquid may be induced to flow through the 

30 micro-channels by gravity, or it may wick through the 
micro-channels by surface tension, or by any other 
process. Analysis of the particulate- laden liquid may be 
off-line, in continuous or batch mode, by separate well- 
known analytical tools, or by in-line micro-detectors. 


The apparatus of the present invention enables 
predictability in collection, increased sensitivity, and 
relatively high throughput for devices so small. Whereas 
devices previously known had relatively high power 
requirements, miniaturization of the components of the 
present invention substantially reduce the power 
requirements and enable long-life battery operation. 
Through the incorporation of microf luidics (the 
application of microf abrication techniques to the 
construction of individual components or integrated 
systems, the devices of the present invention exhibit 
sensitivity not possible with prior art devices. 

The apparatus of the present invention is not 
limited to any particular structural configuration. For 
example, the liquid flow through the microchannels of the 
device may be by gravity or by wicking, the ground plate 
with the microchannels therein may be coated so as to 
enhance collection of particulate matter in the fluids, 
and the like. 

While the ultimate separation characteristics of 
the present invention have not yet been fully determined, 
the device is capable of separating in excess of 90% of 
the particulate matter of interest in a given gaseous 
fluid stream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a preferred embodiment of 
the electrostatic precipitator device of the present 
invention / 

Fig. 2 is a side view of the charging element of 
the present invention; 

Fig. 3 is a side view of the separation/collection 
section of a preferred embodimenc of the present 
invent ion ; 


Fig. 4 is a schematic representation of a partial 
sectional of the high voltage plate and the ground 
collector plate of the present invention; 

Fig. 5 is an enlarged view of a portion of the 
ground collector plate of the present invention; 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a plan view of the apparatus of the 
present invention. While the embodiment represented by 
Fig. 1, and the subsequent figures, represents a 
preferred embodiment, it is to be understood that such 
figures represent merely a single embodiment, and 
numerous other embodiments, not set forth herein, will be 
readily apparent to those of ordinary skill in this art. 

In Fig. 1, the device 10 comprises, generally, a 
fan 12, charging section 14, and separation/collection 
section 16 with alternating high voltage electrode plates 
38 and ground collector plates 40. It will be apparent 
to one of skill in the art that a fan may not be needed 
if the particulate laden gaseous fluid is either moving 
(e.g. wind), or the device 10 is moving (e.g. mounted on 
a vehicle) . A separate analytical section is illustrated 
schematically at 18, although the actual placement of the 
analytical section is not critical to the operation of 
the device 10. A liquid supply system 19 has supply 
headers 60 supplying liquid to the collector plates 40. 
It is to be understood that the device illustrated in the 
figures herein is a prototype device that adequately 
illustrates the principles of the present invention, and 
that upon miniaturization the actual configuration of 
various parts may change, although their function will 
remain as illustrated and described herein. 

The fan 12 may be of any design which is subject to 
miniaturization, which will move sufficient quantities of 
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the gaseous fluid. As illustrated in Fig. 1 # the fan is 
in a "pusher" configuration to push air through the 
electrostatic precipitator device— it could also be 
located downstream of the collection unit 16 so as to 
5 "pull" the gaseous fluid through the device. 

The charging section 14 comprises a member that 
will impart a charge to the particulate matter in the 
gaseous fluid. As further illustrated in Fig. 2, the 
charging element 20 of the charging section 14 is 

10 comprised of a plurality of alternating ground 22 and 
high voltage 24 wires, with spaces 5 therebetween so as 
to permit passage of the gaseous fluid stream. While the 
charging element 20 may be constructed of many individual 
wires, Applicants have found that the device may be 

15 advantageously constructed of a single ground wire and a 
single high voltage wire threaded through apertures 26 in 
upper and lower retaining members 28, 30 respectively. 
For example, in the embodiment of Fig. 2, the spacings of 
apertures 26 may be 0.1", and the wires 22,24 may be 15 

20 mil (0.38 mm) coated copper. Spacings between wires are 
therefore about 0.05" (1.27 mm). It will be apparent to 
one of skill in the art that the charging section 14 is 
not needed if the particulate of interest of already 
charged. The size and spacing of the wires permit 

25 charging particles at voltages below which corona 
dischage occurs. Particles may also be charged at 
voltages sufficient to produce corona discharge, but 
lower voltage particulate charging is preferred. 

The separation/collection section 16 of the present 

30 invention (Fig. 3) comprises a frame member 31 having a 
pair of side members 32, a cop 34 and bottom 36. In the 
embodiment of Fig. 3, alternating high voltage electrode 
plates 38 and ground electrode collector plates 40 are 
placed adjacent one anocher with spaces 46 therebetween 

35 to permit flow of the gaseous medium therethrough. Each 
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of the high voltage electrode plates 38 is interconnected 
to a high voltage electrode 42, and each of the ground 
electrode plates 40 is interconnected to a ground 
electrode 44. 

5 Each of the ground collector plates 40 is provided 

with a plurality of micro-channels 48 therein. As 
illustrated schematically in Fig. 4, a plurality of 
micro-channels 48 are provided in each side of each 
collector plate 40. Particulate laden gaseous fluid 

10 (represented by arrows 50) passes between the plates 38, 
40, and flows through the device substantially 
perpendicular to the micro-channels, and to the movement 
of fluid within the micro-channels. 

Referring again to Fig. 1, in a preferred 

15 embodiment the separation/collection section 16 is 

provided with a liquid supply system 19 to apply a film 
of liquid to each side of the ground collector plates 40. 
As illustrated in Fig. 1 the liquid supply system may 
comprise a plurality of supply headers 60 that overlie 

20 the collector plates 40. The supply headers 60 are 
provided with apertures (not shown) that, in the 
embodiment of Fig. 1, supply liquid by gravity to the top 
of collector plates 40. As further illustrated in Fig. 
3, the supply headers 60 may be an upper 62 and lower 64 

25 header supplying liquid to the collector plates 40 
through apertures 66. 

While the embodiment of Figs. 1 and 3 illustrates 
the supply of liquid to the surfaces of the ground 
collector plate by gravity, it is to be appreciated that 

30 with appropriately configured and sized micro-channels, 

the micro-channels may be capable of wicking the fluid by 
capillary action throughout the length of the micro- 
channel, thereby making the device operative irrespective 
of orientation. any event, a micro-pump will be 
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required to ensure circulation of the fluid throughout 
the device. 

Analytical capabilities may be provided with the 
present invention. While the device may be constructed 
to merely separate, collect and concentrate particulate 
matter in a liquid (for subsequent dismantlement and 
analysis) , the device may also be constructed with 
integral analytical capabilities. As illustrated 
schematically in the Figures, an analytical section may 
be provided integral to the collection system so that 
immediate on-line, real time analysis is possible. 

The quantity of liquid supplied to the micro- 
channels will be a design feature dependent on the 
particular circumstances. In some cases, it may be 
advantageous to ensure sufficient liquid to entirely fill 
the micro-channels and create a meniscus 66 (Fig 5) 
extending beyond the land area 68 of each collector 
plate . 

The various plates can be coated with appropriate 
coatings to ensure maximum collection of particulate 
matter. For example, by putting a hydrophillic coating 
within each micro-channel 48, and a hydrophobic coating 
on the land area 68 between micro-channels or on the high 
voltage electrode, wetting of only desired surfaces can 

be achieved. 

While not critical to the present invention, 
laminar flow of liquid through the micro-channels will 
maximize separation and collection of particulate matter. 
Applicants have found that collection efficiencies 
increase with laminar, as opposed to turbulent, flow, 

is anticipated that in order to clean the 
collector plate, one may wish to reverse the polarity of 
the plates, thereby inducing particulate matter adhered 
tc the ground plate to thereafter move to the former high 
voltage plate, now the ground plate. 
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Applicancs have found that the present invention is 
so efficient, most of the collection of particulate 
matter occurs in the "upstream" portion of the collector 
plates, nearest to the charging element. While this 
indicates that smaller collector plates are therefore 
possible, it is possible to overload the initial micro- 
channels with particulate matter. Therefore, by pulsing 
the current through the high voltage plates sequentially 
(e.g. the upstream 1/3 first, the middle 1/3 next and the 
most downstream 1/3 last) , the entire surface of the 
collector plates will be subjected to maximum collection. 

EXAMPLE 

(a) Experimental Design: A device according to 
Figure 1 was constructed, with the design criteria that 
it must be capable of processing in excess of 1000L of an 
ambient air stream per minute. The prototype contained 
collector plates without micro-channels machined therein. 
Power applied to the prototype was 600 volts and 5 x 10"° 
amps, resulting in a fraction of a Watt. An aerosol of 
fluorescent polystyrene latex (PSL) microspheres was 
generated in a nebulizer. Microsphere sizes ranging from 
0.2 to 5.5 micrometer in diameter were tested. The PSL 
solution was nebulized in a Retec nebulizer with a 30 mL 
reservoir volume, operating at a nominal pressure of 20 
psig. The flow rate from the nebulizer was between 2.5 
and 3.0 LPM . Particulate concentration of between 10 5 to 
10* per L was achieved. A Coulter Counter and fluorometer 
were used for liquid phase concentration determinations. 
A Sequoia Turner model 450 fluorometer was used to 
measure the fluorescence of liquid samples. Measured 
fluorescence was scaled by the fluorescence from a 
standard solution of microspheres. Each standard 
contained a known number density of microspheres, 
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enabling the number density in the sample to be 
determined . 

(b) Results; Collection efficiency with a non- 
machined collector plate exceeded 70%. It is anticipated 
that efficiency with a full complement of micro-machined 
channels will increase the efficiency to well in excess 
of 90%. 


TABLE 1 

Particle Size {micrometer} Ave Collection Efficiency (%) 


0 

485 

84 

0 

752 

72 

0 

.930 

77 

0 

973 

90 

1 

.871 

71 


(b) In a separate test, a collector plate was machined 
with micro-channels 1 mm in depth and a width of 150 
micrometers. Wicking (capillary) water flow through the 
micro-channels to a distance exceeding 15 cm was 
accomplished, thereby reducing power requirements for a 
micro-pump . 

The present invention and a preferred embodiment 
has been particularly described herein. It is to be 
understood that the scope of the invention is not to be 
limited by the scope of the description herein, since it 
will be readily apparent to those of ordinary skill in 
this art that many modifications and improvements can be 
made tc this invention without departing from the spirit 
and scope of the invention. Accordingly, the scope of 
the present invention should be limited solely by the 
scope of the claims appended hereto. 
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We claim: 

1. An electrostatic precipitator device to remove 
charged particles from a moving gaseous fluid stream, 
said device comprising: 

a. a plurality of high voltage electrode plates 
alternating with a plurality of ground electrode 
collector plates, with a continuous voltage applied to 
the high voltage electrode plates; 

b. a liquid in continuous flow over the ground 
electrode collector plates to collect charged particles 
attracted to the collector plates. 

2. The device of Claim 1, further comprising a 
particulace charging member for providing the charged 
particles . 

3. The device of Claim 2, wherein the moving 
gaseous fluid stream is moved through the device by a 
fan . 

4. The device of Claim 2, wherein the particulate 
charging member comprises a plurality of high voltage 
wires alternating with a plurality of ground wires. 

5. The device of Claim 1, wherein the ground 
electrode collector plates are provided with a plurality 
of micro- channels on each surface thereof. 

6. The device of Claim 5, wherein the liquid is 
provided in laminar flow over the collector plates. 

J. The device of Claim 6, wherein the micro- 
channels are provided in a direction substantially 
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perpendicular to the direction of the gaseous fluid 
stream moving through the device. 

8. The device of Claim. 7, wherein the voltage is 
5 applied continuously to the high voltage electrode 

plates . 

9. The device of Claim 7, wherein the voltage is 
applied sequentially to the high voltage electrode 

10 plates. 

10. The device of Claim 7, wherein the charged 
particles are collected in the liquid, and analytical 
means are provided to analyze the charged particles in 

15 said liquid. 

11. The device of Claim 1, wherein the polarity of 
the plates is reversed, such that the high voltage 
electrode plates are ground plates and the ground 

20 electrode collector plates are high voltage plates, 

thereby inducing particulate matter adhered to the ground 
plates to move to the high voltage plates. 

12. An electrostatic precipitator device to remove 
25 charged particulate matter from a moving gaseous fluid 

stream, said device providing continuous movement of the 
gaseous fluid stream therethrough and a continuous 
voltage applied thereto, said device comprising; 

a. an air moving device to ensure movement of the 
30 gaseous fluid through the device; 

b. a plurality of high voltage electrode plates 
alternating with a plurality of ground electrode 
collector plates, with a continuous voltage applied to 
the high voltage electrode plates; 
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c. a particulate charging member upstream of the 
plurality of plates for imparting a charge to each of the 
particles in the gaseous fluid stream; 

d. a liquid fluid reservoir providing a continuous 
flow of liquid over the collector plates to collect 
charged particles deposited on the collector plates; and 

e. an analytical means to analyze the particulate 
matter collected in the liquid. 

13. The device of Claim 12, wherein said air 
moving device comprises a pump. 

14. The device of Claim 12, wherein said ground 
electrode collector plates are provided with a plurality 
of micro-machined channels substantially perpendicular to 
the continuous movement of the gaseous fluid stream. 

15. The device of Claim 14, wherein said liquid 
fluid reservoir provides a continuous flow of liquid to 
the micro-machined channels, and said liquid traverses 
said channels by gravity flow. 

16. The device of Claim 14, wherein said liquid 
fluid reservoir provides a continuous flow of liquid to 
the micro-machined channels, said liquid traverses said 
channels by capillary action. 

17. The device of Claim 12, wherein said 
particulate charging member comprises a plurality of 
adjacent high voltage wires alternating with a plurality 
of ground wires, and positioned such that the gaseous 
fluid stream passes through between the plurality of such 
wires . 
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18. An electrostatic precipitator device to remove 
charged particulate matter from a moving gaseous fluid 
stream, said device providing a continuous voltage 
applied to a plurality of high voltage plates therein, 
said device comprising: 

a. a plurality of collector ground plates 
alternating with the high voltage plates; 

b. a plurality of micro-channels machined on each 
side of the collector ground plates; and 

c. a liquid reservoir providing liquid to the 
plurality of micro-channels. 

19. The device of Claim 10, wherein said liquid 
traverses said micro-channels by capillary action. 

20. An electrostatic precipitator device to remove 
charged particles from a moving gaseous fluid stream, 
said device providing a continuous voltage applied to a 
plurality of high voltage plates therein, said device 
comprising : 

a. a plurality of collector ground plates 
alternating with the high voltage plates; 

b. a plurality of micro- channels machined on each 
side of the collector ground plates; 

c. a liquid reservoir providing liquid to the 
plurality of micro-channels; 

d. an analytical device to continuously analyze 
the particles collected in the liquid. 

21. A method of using an electrostatic 
precipitator device to separate and collect particulate 
matter contained in a moving gaseous fluid stream, said 
method comprising the seeps of: 

a. providing the gaseous fluid stream to flow 
through the device; 
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b. imparting a voltage to a plurality of planar 
high voltage electrode plates; 

c. alternating the high voltage electrode plates 
with a plurality of planar collector ground plates; 

5 d. providing a liquid over each planar surface of 

the collector ground plates; and 

e. collecting the particulate matter in the 
liquid . 

10 22. The method of Claim 21, further comprising the 

step of imparting a voltage to the particulate matter 
contained in the fluid stream. 

23. The method of Claim 21; further comprising the 
15 step of micro-machining a plurality cf channels in each 

planar surface of the collector ground plate. 

24. The method of Claim 23; further comprising the 
step of providing the liquid to flow through the 

20 plurality of channels. 

25. The method cf Claim 24, further comprising the 
seep of providing the liquid to flow through the 
plurality of channels by gravity. 


25 


26. The method of Claim 24. further comprising the 
step of providing the liquid to flow through the 
plurality of channels by capillary action. 


30 27. The method of Claim 21, further comprising the 

step of providing the liquid in the form of water. 
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